Brieger [3] , Bourguet [2] , Panse [25] , Friedrich [8] ;, Gradenigo [9] and Milligan. Our knowledge of the surgery of the non-suppurative conditions of the labyrinth has been extended by Mr. Lake [16] , while numerous isolated cases of labyrinthine disease have been brought before the notice of the late Otological Society. We have ourselves been keenly interested in the subject during the last four years, and have at various times, separately, published accounts of individual cases [32] , which will be again referred to in the present paper. We have felt of late that interest in and recognition of the importance of the surgery of the labyrinth has been rapidly increasing, and have ventured to offer you the substance of our experience and the results of a study of it. An accurate appreciation of the anatomy and relations of the bony labyrinth is so essential to its successful surgery that we make no apology for prefacing our paper with an anatomical description, and would merely say that we have mentioned no point which we have not personally examined and substantiated.
II.-ANATOMY OF THE LABYRINTH.
The bony labyrinth lies within the mass of the petrous, to the inner side of the chambers of the tympanum, aditus, and antrum. It is thus confined between the posterior, superior, and outer or basal surfaces of the petrous, and comes into close relation with each of these. For the operator it is hedged about by six structures of capital importance: the internal carotid artery in front of and below the cochlea, the meninges of the nmiddle cranial fossa and the cerebrum above, the meninges of the posterior fossa and the cerebellum behind, the vault of the jugular bulb below and behind, and the facial nerve on its outer side. Its wall or capsule is formed of very compact brittle bone, which is clearly marked off froin the surrounding more vascular and cancellous bony tissue; in the bone of the newly born this differentiation is so sharp that the labyrinth may be completely shelled out of its surroundings by the use of a blunt scalpel. The chambers of the bony labyrinth fall into two sections: a posterior, consisting of the vestibule and semicircular canals, and an anterior, consisting of the cochlea. The isthmus of communication between the two is a narrow one, so that inflammatory processes frequently become arrested and localised in one or other portion of the labyrinthine cavity.
The vestibule is an ovoidal cavity: it lies to the inner side of the postero-superior part of the promontory, the fenestra ovalis, which opens into its central portion, and the tympanic part of the facial aqueduct. On its antero-internal aspect it is separated by a very thin plate of bone from the posterior half of the fundus of the internal auditory meatus. Through apertures in this plate pass the branches of the vestibular nerve accompanied by their prolongations of the brain membranes and of the subdural and subarachnoid spaces. The dimensions of the vestibule are: antero-posteriorly about 6 mm.; from above downwards 4 min. to 5 mm.; from without inwards 3 mm. The walls of the cavity pass into each other and cannot be sharply delimited. On the region corresponding to the internal auditory meatus (antero-internal wall) are two depressions: one rounded, lying below and in front, the recessus sphaericus, in which is lodged the saccule; one oval, lying above and behind, the recessus ellipticus, in which lies the utricle. These depressions are separated by an oblique ridge, the crista vestibuli. The floor of each of these Within the vestibule are seen the joint openings of the superior and posterior canals and the openings of the inner end of the external and lower end of the posterior canals; also the oblique opening of the aqueductus vestibuli. depressions is perforated by a number of fine foramina, transmitting respectively the nerves to the saccule anid to the ampulle of the superior and external semicircular canals, while those to the utricle pass through perforations in the broadened anterior end of the crista vestibuli. The nerve to the ampulla of the posterior canal enters the vestibule on its inner wall, posteriorly and inferiorly, by a number of small apertures leading from the fundus of the canal of the foramen singulare close to the ampullary opening. On the inner wall behind the recessus ellipticus is the vestibular end of the aqueductus vestibuli opening obliquely, so as to form a gutter, directed forwards and downwards. in the roof of the vestibule are three openings: two externally, situated close to each other, for the ampullary ends of the superior anrd external semicircular canals; one internally, for the common opening of the inner crus of the superior and the upper crus of the posterior canals. In the posterior wall is one opening, that of the inner crus of the external canal. In the floor are two openings: one lying internally and posteriorly, for the ampullary end of the posterior canal; one externally and in front, by which the vestibule becomes continuous with the cavity of the cochlea. This opening is elliptical and largely floored by the shelf formed by the commencement of the lamina spiralis ossea in the floor of the vestibule, so that the vestibular cavity is broadly continuous with the scala vestibuli, while communicating by only a narrow slit with the scala cochlese. The outer wall of the vestibule corresponds with the following portions of the inner wall of the tympanum, viz., the tympanic part of the aqueduct of Fallopius, the pelvis ovalis, and the stout bar of bone which lies below it and stretches back from the promontory, cutting off the pelvis ovalis from the fossula rotunda. The floor of the vestibule lies at the level of the highest part of the notch of the fossula rotunda. The fenestra ovalis forms a wide defect in this wall, which is closed by the foot-plate of the stapes and the narrow annular ligament.
The three semicircular canals open, as has been described, into the vestibule at either end. They lie in planes which are approximately at right angles to each other: that of the external canal has a slight obliquity frolmi the horizontal downwards and backwards, so that the upper face of this plane would look upwards and a little backwards and outwards; those of the superior and posterior canals are nearly vertical, that of the superior lying outwards and forwards at right angles to the superior border of the petrous, that of the posterior lying outwards and backwards and approxinmately parallel with the posterior surface of the petrous. The superior canal has, in addition, a slight but constant sigmoid curve, passing at first somewhat backwards in the upward course of its outer limb. The ampullae open directly into the vestibule.
Each of the canals has a definite and important relation with a surface of the petrous. The superior canal pushes up the superior surface into the arcuate eminence, which we shall call the superior arcuate eminence. In early childhood the compact wall of the canal is largely visible upon the upper and posterior aspects of the bone, arching over its superior border. In adult life there is, as a rule, an incrustation of bone covering, partly masking the arch of the canal; it is rarely more than ,-6 ini in thickness and is occasionally entirely absent on the upper surface. Rarely, in the macerated bone, there is the appearance of an elongated defect in the upper wall of the canal. We have never seen this in the infantile bone, and it may be an artefact. Under the arch of the canal in infancy the deep subarcuate fossa passes outwards and backwards, to come into close relationship with the upper part of the inner wall of the mastoid antrum; it is filled by a vascular plug of loose fibrous tissue, continuous with the outer aspect of the dura mater. A-conspicuous vein is contained in this tissue, joining the superior petrosal sinus. One of us has also traced a vein from this area through an aperture in the (1) Attic.
(2) Outer attic wall. -2 roof of the jugular fossa and imm.ediately internal and posterior to the deep sinus tympanicus. This relation with the roof of the jugular fossa is preserved in the adult when the fossa is deep.
The outer limb of the external canal lies exposed in the inner wall of the aditus, forming the external arcuate eminence; its ampullary end lies immediately above the facial nerve. This outer limb is exposed to damage in the removal of the " bridge" and posterior meatal wall in the performance of the radical operation. Between the superior and external canals lies a wedge-shaped mass of cancellous bone, which has replaced the fossa subarcuata. Caries not infrequently penetrates this area from the inner wall of the aditus, above the external canal.
The vestibule is lined by a thin fibrous layer, which encloses the perilymphatic space. The branches of the vestibular nerve in their course within the vestibule lie outside this fibrous layer and outside the perilymph, passing directly to the end organs in the membranous labyrinth, through the broad attachments which this has to the fibrous lining of the vestibule. The auxpullary inerves are of surprising size, that for the joint supply of the superior and external ampullae being comparable in transverse section to the facial itself. This nerve trunk is reconstituted, after being broken up in passing through the openings in the recessus ellipticus, and passes outwards and then backwards immediately outside the perilymphatic cavity and under shelter of, and slightly above the tympanic part of the facial nerve. The branch to the superior ampulla sweeps upwards, while that to the external continues its course backwards. The thin layer of bone lying between the facial nerve and this external ampullary nerve is compact, but has numerous narrow 'vascular lacunar spaces, a fact which may explain the symptoms of irritation of the nerve which occasionally occur where there is caries of the wall of the Fallopian aqueduct in its tympanic part. The nerve to the ampulla of the posterior canal enters the vestibule through a series of minute holes at the bottomn of the short canal of the foramen singulare, is reconstituted, and passes as a short thick trunk to the posterior ampulla, lying upon the posterior and inmost portions of the floor of the vestibule.
The fossula rotunda is a deep depression passing upwards fronm the lower and posterior part of the tympanic cavity, under shelter of the free hooded margin of the postero-inferior part of the promontory which is marked by a corresponding deep upward notch. In the anterior wall of this fossa, and facing almost directly backwards with a slight downward inclination is the fenestra rotunda, closed by the membrana secundaria tympani. The sinus tympanicus may pass backwards and upwards for some distance internal to the Fallopian aqueduct, towards the concavity of the external semicircular canal, and in such cases is separated from the lowest part of the vestibule by an excessively thin layer of bone. When the jugular vault is very'deep it may so far push up the floor of the tympanum as to seriously narrow or almost close the entrance to the fossula rotunda.
The fenestra ovalis lies at the bottom of the rather funnel-shaped pelvis ovalis. Its long axis passes backwards and downwards; its upper end is narrower than the lower. The upper wall of the pelvis is (1) Vestibule (perilymphatic space).
(2) Utricle and macula utriculi (lower wall). West & Scott: Operative Surgery of Labyfinthitis de'epened by the aqueduct of Fallopius, the lower by the promontory a.nd the bar of bone which separates the pelvis ovalis from the fossula rotunda. The fenestra ovalis only admits of enlargeinent downwards.
The cochlea in outline forms a depressed cone. The centre of its base is formed by the anterZior and lower part of the fundus of the internal auditory meatus. The axis round which it is wound points outwards and forwards and a little downwards. Its apex lies against the inner wall of the ostium tympanicum tuba on a level with the musculotubal crest. The canal of the cochlea is spiral; it comnmences at the cochlear opening in the floor of the vestibule, makes a wide sweep of half a turn downwards, forwards and inwards, forming the eminence of the promontory, and, turning upwards, is then wound for two complete turns round the tapering central pillar or modiolus. In the posterior wall of the descending limb of the first half turn lies the fenestra rotunda. The junction of the ascending and horizontal parts of the carotid canal lies below the apex of the cochlea and a little in front of it. Only the first half turn is at all readily accessible from the tympanum. By the removal of the anterior wall of the bony meatus and opening up the first half turn, the main body of the cochlea, lying in front of this and at a higher level, may be reached and destroyed. The base of the modiolus appears in the internal auditory meatus as the tractus spiralis foraminosus. The canals which convey the filaments of the cochlear nerve pass first axially and then turn outward into the lamina spiralis ossea, those situated externally in the tractus spiralis supplying the lower part of the cochlea, those centrally the apical part. Behind and above the miiain part of the cochlea, and directly in front of the upper part of the vestibule, lies the first part of the Fallopian aqueduct.
The course of the facial nerve lies at first within the cranium, passing outwards and immediately entering the internal auditory meatus, where it lies above the auditory nerve, the pars intermedia of Wrisberg intervening. The opening of the Fallopian aqueduct occupies the upper and anterior quadrant of the fundus of the internal meatus. Within the aqueduct the course of the nerve may be divided into three parts. The first is directed outwards and slightly forwards, and measures * in. It ends in a somewhat expanded chamber lying behind the hiatus Fallopii 47 and housing the geniculate ganglion. The second part passes from this expansion backwards and downwards, at right angles with the first. Its course is straight and is inclined about 15" to the horizontal; it measures nearly 1 in. Of this the central win. is visible in the tympanum, exposed on its outer and lower surfaces. The lower wall particularly is thin and often defective. This part of the canal has the fenestra ovalis below, the ampullary ends of the external and superior semicircular canals above, and the vestibule on its inner side. The last * in. of the, second part is buried in the posterior tympanic wall, and lies immediately above and behind the little flask-shaped chamber of the stapedius muscle. The third part is about i in. long, passes downwards and a little outwards and backwards to the stylo-mastoid foramen, and is in relation with the deepest part of the posterior meatal wall. The angle between the second and third parts is about 120". (1) Tympanic cavity. The internal auditory meatus is lined completely by a sleeve of dura mater and irachnoid, whilst its lumen is occupied by a prolongation of the subarachnoid space, in which the seventh and eighth nerves lie. There is no definite continuation of this space along the seventh nerve in the aqueduct, but the nerve is surrounded by a quantity of loose connective tissue, while the dura mater becomes continuous with the lining membrane of the canal. The spaces of this areolar meshwork may thus be regarded as continuous with the subarachnoid space, though the meshes are close enough to prevent any free escape of cerebrospinal fluid if the sheath of the nerve is opened. The short canals through which the branches of the vestibular nerve pass into the labyrinth would seem to contain direct prolongations of the subarachnoid space, as when the nerves are avulsed in curetting the vestibule free escape of-cerebrospinal fluid. is the rule. Under such circumstances the subarachnoid space is virtually opened by the operation, and absolutely free drainage is essential to safety.
The aqueduct of the vestibule passes from its opening on the inner vestibular wall backwards in an arched course, which has its convexity upwards. The surgical diseases of the labyrinth considered in this paper, and illustrated by the present series of cases, are those which originate as inflammatory processes in the osseous or membranous labyrinth, secondary to suppuration in the middle ear. The entrance of the infective agent was gained most often by destructive disease of certain definite and recognisable parts of the bony labyrinth, which we shall presently specify.
Infective Organisms.
The opportunities of examining the infective organisms of labyrinthitis have occurred in only a few cases. One of us cultivated pyogenic streptococci from the vestibule in a case of acute suppurative panlabyrinthitis, secondary to chronic suppurative otitis media (Case 27). In another similar case streptococci were obtained from the fluid in the internal auditory meatus post mortem (Case 2). Tuberculous disease of the petrous and mastoid process with secondary mixed pyogenic invasion of the semicircular canals was discovered in one case, and in another tuberculous disease had spread direct to the vestibule from the tympanic cavity (Cases 16 and 4).
Traurnatism.
Traumatism played no important part in the causation of labyrinthitis in our cases. Once the external semicircular canal was opened unintentionally in the course of the radical mastoid operation by one of us, fortunately without any untoward result. In the case to which we refer the cortex of the mastoid was very dense and without cells. The identification of the opened canal posteriorly to the ampulla gave the first clue to the position of the antrum, which could not be recognised as a distinct cavity. The patient was watched with especial care for symptoms indicative of labyrinthine infection, but none arose.
In another traumatic case symptoms of mild irritation of the labyrinth were observed during the first twenty-four hours, with subsequent coinpletely normal course. In a further case, which will be published elsewhere in extenso, on account of the post-mortem findings fatal acute panlabyrinthitis followed the radical operation. The autopsy showed that the oval window was filled by granulations, which had destroyed the stapes. Streptococcal invasion of the labyrinth resulted, although there was certainly no instrumental inoculation of the vestibule during the operation on the middle ear (Case 27).
Morbid A_ppearances and Coutrse.
The morbid appearances and course of labyrinthine disease depend upon the extent and degree of the inflammation. Labyrinthitis may be (1) acute, or (2) -chronic; either form may be (1) diffuse, or (2) circumscribed.
In acute panlabyrinthitis the membranous labyrinth becomes at firstintensely injected, so that on opening the bony canal the membranous structures, instead of *being invisible, appear as a brilliant opaque red filament. This condition we have seen in the external canal during operation (Case 10), as well as in the superior canal upon the postmortem table (Case 27). We have not yet seen pus in the semicircular canals. The utricle and saccule are unrecognisable in the blood-stained and turbid fluid which fills the vestibule. Blood-stained and turbid fluid may be seen in the scale of the cochlea. This description of acute labyrinthitis is based upon data obtained from a complete examination of the labyrinth in one fatal case and upon the appearances observed during life in five other cases of acute labyrinthitis. Histological Sections. In sections of the cochlea, from a case of streptococcal labyrinthitis, fatal on the ninth day from known infection, we found round-cell infiltration and proliferation of cells in the ligamentum pectinatum and in the normally scanty connective tissue lining the scala vestibuli and scala tympani. The membrana basilaris, the organ of Corti, and Reissner's nmembrane were completely obscured by the inflammatory cells. The blood-vessels in the canals of the modiolus and in other parts of the cochlea were dilated and engorged.
The Spread of Infection-.
The acute inflammatory process shows a marked tendency to spread along the perineural arachnoid sheath of the nerves in the internal auditory meatus. Sometimes there is a thick yellow plastic exudate matting together the nerves and the arachnoid sheath, in others the sheath is distended with only slightly turbid fluid; yet again in other cases the effusion surrounding the nerves may be virtually clear and show no deposit. These last cases form a distinct clinical group, to the consideration of which we hope to return upon another occasion. Fronm the more plastic and opaque exudates organisms, notably streptococci, have been isolated, while at least in one case with only slightly cloudy effusion no organisms could be discovered in films or cultures.
The Labyrinthine Capsule.
The osseous, like the membranous labyrinth is involved in the acute form of labyrinthitis. The dense bony capsule of the labyrinth, when acutely inflamed, behaves as does compact bone in other situations of the body, and undergoes more or less extensive necrosis. Such necrosis may include virtually the whole of the cochlea, vestibule and semicircular canals. The lower turn of the cochlea may become an isolated necrotic fragment. The inner wall of the vestibule, the adjacent dense part of the wall of the internal auditory meatus, and the semicircular canals may undergo necrosis and separation in one composite mass.
It would seem that with free drainage from the labyrinthine cavity and the middle ear the acute inflammation may subside and the process terminate either in the formation of fibrous tissue in the labyrinth which may subsequently ossify, or in the sequestration of necrosed fragments with excessive production of granulation tissue and separation of the dead bone from the living bone in which it lies.
Chronic Infective Labyrinthitis. Chronic labyrinthitis may be chronic from the beginning, spreading slowly from a local infective focus. It will in these cases be of a more or less circumscribed nature, but may at any stage give rise to an acute and diffuse process. On the other hand, chronic labyrinthitis mllay occur as the sequel of an acute labyrinthitis, when it will share in the diffuse character of the latter.
The area of infected bone is soft and crumbling, with granulations sprouting from the edges of fistulous. tracks. We have on, several occasions during operation observed a flattening and erosion of the promontory and of the external arcuate eminence. Where the canal is open its cavity may be plugged by a local growth of granulation tissue. In chronic cases affecting the canals of vestibule the cochlea is not necessarily involved, while if the lower turn of the cochlea is diseased the apical portion may still escape.
Character of the AMiddle Ear Disease. In our experience labyrinthitis has been found far more frequently in chronic than in acute suppurative otitis media, yet there can be little doubt that in a number of cases the labyrinth was involved in the acute stage of the middle ear inflammation, which subsequently becanme chronic. This seems to account for those labyrinthine sequestra which are found with olitis media dating from early childhood, in which, after careful inquiry, no history of symptoms of labyrinthirne disease could be obtained, while during the observed course of the case symptomns were likewise absent.
Path of Infection. In the majority of cases at St. Bartholomew's Hospital the chronic disease in the middle ear was associated with perforation of some part of the outer labyrinthine wall. Certain regions of this wall appear to be especially vulnerable.
External Semicircular Canal.-A fistula of the external selicircular canal was found in fourteen cases. Fenestra Ovalis.-A defect of the footplate of the stapes was found in six cases.
Promontory.-The promontory of the cochlea was perforated in five cases.
Fossula Rotunda.-In one case there was destructive caries and perforation of the lower part of the outer wall of the vestibule, through the fossula rotunda.
Site Unknown.-In three cases out of a total of twenty-six the site of infection was not discovered. We feel able to say that in these cases there was ho perforation either of the promontory or of the external canal, but can make no statement with regard to the fenestra ovalis or the walls of the fossula rotunda.
Character of the Miuddle Ear Disease itn -elation to the Site of Invasion.-Cholesteatoma. Of the total of twenty-six cases eleven were associated with cholesteatoma. In six of these there was found a fistula of the external semicircular canal only, while in one a fistulous canal accompanied destruction of the footplate of the stapes and in two there was isolated destruction of the stapes. In the remaining two cases perforation of the promontory had taken place. Thus we see that cholesteatoma accounted for seven out of twelve of the cases of fistula of the external canal and for eleven out of twenty-six cases of infection of the labyrinth.
Tuberculous Disease.
Two cases of tuberculous disease occur in our series. In one perforation took place through the fenestra ovalis, in one through the external semicircular canal.
Acute Diffuse Lab yrinthitis.
The "presence of acute diffuse inflammation in the labyrinth was recognised in five cases, in three of which pus escaped when the vestibule was opened.
Chronic Labyrinthitis. Granulations were removed from the vestibule in four cases of chronic labyrinthitis. Granulations were seen occluding the external semicircular canal in three cases in which there were no labyrinthine symptoms. In these cases the vestibule was not explored.
Sequestration.
Sequestration occurred in six cases. The cochlea was involved alone in two cases and in two others with the vestibule and semicircular canals. Necrosis of the vestibule and canals alone was found in two cases. a-27
Fatal Cases: Cause of Death. Death may ensue from meningitis or brain abscess or from-n other infective cause. Five cases terminated fatally. One succumbed to streptococcal septicaemia due to a virulent fornm of acute otitis media, complicated by acute labyrinthitis. In this case the labyrinth was not operated upon. Two died from coincidental cerebellar abscess (one not operated upon), one from consecutive lepto-meningitis, and one from acute internal hydrocephalus (labyrinth not operated upon).
Route of Intracranial Infection-.-The path of the intracranial infection was found in three cases to be along the nerve sheaths in the internal auditory meatus, extending in one case to the basal mueninges, in another to the cerebellum, and in a third direct to the fourth ventricle. The fourth case of intracranial lesion died from a cerebellar abscess which arose by direct extension through the dura mater over the posterior surface of the petrous. Paths Recorded by other Observers.-Cases are recorded in which the superior canal alone has been eroded. This certainly seems to be possible in the light of our own experience, for it is not very rare to find infection of that area of the petrous which lies above the external semicircular canal and is occupied by the cancellous tissue intervening between the superior canal, the external canal, and the upper crus of the posterior canal. We can further believe it to be possible for erosion of the superior canal to be produced by an extradural abscess formed above the arcuate eminence. We have not met with this condition during life, though one of us has found defects in the superior arcuate eminence with ahiatus in the wall of the superior canal in macerated bones. As regards the abscess said to occur in the posterior cranial fossa by extension of disease of the labyrinth along the ductus endolymphaticus, we have so far met with no cases of this nature (Cf. Jobson Horne [13] ).
A careful analysis of the svmptomis complained of and of those elicited by special tests in our cases shows that certain syimptoms are common to considerable groups and have a definite bearing upon the diagnosis and treatment. Group 1. Total Absence of Labyrinthine Sym,ptomns.-Nine cases of manifest involvement of the labyrinth occur under this heading. Of these three presented a fistula or caries of the external canal; the fourth a defect of the stapes; the fifth was a case of accidental operative Otological fSectin5 opening of the external canal behind the ampulla; in the sixth the first turn of the cochlea was opened by caries; in the seventh the cochlea was a loose sequestrum; in the eighth the oval window had been penetrated by tuberculous disease; while in the ninth the major part of the vestibule and canals was sequestrated.
Group 2. Vertigo.-Seeing that sixteen out of the total of twenty-six cases presented this symptom, we think it deserves somewhat detailed consideration. We define vertigo as the result in sensation of a discordance between the sense registers of any two of the paths of appreciation of space relationship. Clinically we apply the term to those cases in which there has been a definite direction of the sense of rotation, either of external objects or of the patient. In three cases, however, while the patient complained of the sensation of rotation, the planes of rotation appeared to be multiple, and could not be analysed; in a fourth case the plane of rotation was sagittal; in a fifth oblique. In the remaining eleven cases the plane of rotation was horizontal; in five of these we were able to make more detailed observations, and found that the patient experienced a sensation of movement of external objects from the affected to the sound side. In four of the cases there was a marked tendency to fall towards the affected side. Vertigo may be short lived, and disappear permanently after a few days. In other cases it may be prolonged over many months, either constantly present, recurrent with intervals of freedom, or of mild constant type with exacerbations.
Lesions Associated with Vertigo.-In eight cases the external semicircular canal was carious or perforated. In five cases there was a fistula into the vestibule. In one case we found caries of the cochlea to be accompanied by a fistula of the canal. In two cases the site of the lesion was not discovered. In no case was an isolated lesion of the cochlea associated with vertigo. While vertigo may obviously be regarded as a cardinal symptom of an affection of the vestibule or canals it is also clear that such a lesion may be present without any evidence of vertigo during the period of observation. Group 3. Vomiting.-In fourteen cases vomiting occurred. In five of these we have no evidence of vertigo; all five were gravely ill, one unconscious; two others were suffering from cerebellar abscess and two from meningitis. In these cases it remains doubtful whether the vomiting can be directly ascribed to the labyrinthine lesion. Group 4. Tinnitus.-In only three cases was tinnitus so obvious as to be made the subject of complaint. In all of these the lesion was vestibular in position. 55 Group 5. Deafness.-In two cases deafness was found to be absolute before operation. In all, hearing was defective. It is worth noting that in four cases in which the cochlea was involved in the operation hearing by bone conduction was more or less retained for C1 fork. In two cases there was absolute loss of bone conduction.
Pain and Headache.-In four cases there was severe deep-seated pain in the ear. In four others there was severe headache of frontal, vertical, or occipital type, which was in each case immediately and completely relieved by the operation on the labyrinth. We have excluded cases of headache in which intracranial lesions were present.
Temperature and Pulse.-We have been unable to discover any common characteristics under this heading, although soiue elevation of temperature is the rule in acute labyrinthitis.
Spontaneous nystagmus appears to be a rare symiiptom, for we have not so far observed it.
V.-OPERATIVE SURGERY AND RECORDS OF CASES.
The two main conditions which demand surgical interference in the form of a planned operation on the labyrinth at present appear to us to be the incapacity produced by vertigo and danger of infective meningitis. Both of these indicate the posterior segment of the labvrinth as the primary point of surgical attack, for it is probable that in the great majority of cases it is by the short and open paths from the vestibule that infection travels into the subarachnoid space. In addition, the evidence is conclusive that the entrance of infection into the labyrinth takes place through some part of the outer wall of this segment in a preponderating number of cases, and the surgeon will thus be led by the track of infection to the same region. The outer wall of the vestibule is crossed by the facial nerve, which lies against its upper part. The lower part forms a portion of the inner tympanic wall, comprising the fenestra ovalis and the area below it down to the notch of the fossula rotunda. Above, and a little internal to the facial nerve lie the ampullwe of the superior and external canals, opening into the roof of the vestibule. We are thus presented with a choice of routes by which the vestibule may be opened: a superior, via the ampullke; an inferior, through the tympanic wall. In all operations on the labyrinth it is essential that as much room as possible should be made available by the free removal of the boundaries of the preliminary radical operation and of the posterior meatal wall.
To open the vestibule from above, the external arcuate eminence is identified and removed, thus opening the outer limb of the external semicircular canal. This is now followed forwards above the facial aqueduct until the ampulla is opened. When this is effected the vestibular roof is completely removed by extending the operation forwards and upwards into the ampulla of the superior canal and the lower part of its ascending limb, and destroying the small pyramidal portion of very compact bone which lies between the proximal parts of the two canals. Such an operation we shall call " superior vestibulotormy." It is a simple and short procedure, and the facial nerve runs little risk. It is, however, an inadequate and dangerous operation if carried no further. It is easily performed either with the burr or with cutting tools, but after a considerable experience with both we agree that a small and sharp gouge and a mallet give both the more expeditious and the safer opening. After opening the roof of the vestibule the external and superior ampullary nerves can be easily destroyed with a small sharp curette as they run on the anterior and outer wall at the level of the upper margin of the facial aqueduct. We have performed this operation in two cases, one of which was fatal frorn consecutive meningitis. [10] cases of operation on the labyrinth were five of superior vestibulotoiny (Cases 13, 17, 18, 19, 21) , one with consecutive meningitis and death. Mr. Ballance [1] has published one case of superior vestibulotomy, with skin grafting of opening into the vestibule.
Superior vestibulotomy may be extended by the complete removal of the three semicircular canals. For this the burr is a practical necessity. To ensure complete removal the canals must be followed from end to end with a fine probe. After the preliminary opening of the external canal and ampulla, and the removal of the roof of the vestibule, the outer limb of the superior canal is followed over its convexity with a medium-sized burr until the crus commune of the superior and posterior canals is reached. In doing this there is considerable risk that the thin lamina of bone above the canal, on the -upper surface of the petrous, will give way; and if the burr is being firmly used it may plunge through the dura mater and into the temporo-sphenoidal lobe. This has happened to one of us in three of the earlier operations, fortunately without any ill effects. The outer limb of the external canal is now returned to, and is followed backwards and then inwards with the same burr. As the deeper part of the convexity of the canal is reached the posterior canal will also be found to be opened in the posterior part of the deep bony cup which has been formed. The converging deeper part of the external canal and upper limb of the posterior canal can now be destroyed together as far as the vestibule, the crus commune being opened up. Finally the lower limb of the opened posterior canal is followed downwards, and then forwards and inwards to its ampulla and its opening in the floor of the vestibule. Vigilance must be exercised or the bulb of the jugular vein may be injured. It is well to take a smaller burr and follow carefully along the channel of the canal. We have only performed this operation once in a case of postsuppurative vertigo. [26] . Three of these were in nonsuppurative cases. Mr. Lake [12] has published one case, also non-suppurative, in which superior vestibulotomy, with removal of the canals, was performed. At a later date the operation was extended to complete extirpation of the labyrinth.
The vestibule may also be opened below the facial nerve by the removal of its outer wall. This opening should be as complete as possible, and is attained by remioving the stapes if this is present and cutting away the bone between the fenestra ovalis and the fossula rotunda. In this way all the accessible outer wall and a portion of the floor of the vestibule are removed, while it is not anatomically necessary that the membrana secundaria and the fenestra rotunda should be interfered with. No attempt must be made to gain room in a direction upwards from the fenestra ovalis. To do so is to iisk a probable fracture of the bar of bone supporting the facial nerve or exposure of the nerve on its lower aspect, while the gain available averages less than 1 mm. The posterior ampullary nerve may be destroyed by introducing a curette and cutting against the inner and posterior part of the floor of the vestibule. We shall call this operation " inferior vestibulotomny." We have only one case of simple inferior vestibulotoiny. Dr. Milligan [21] has reported three cases of inferior vestibulotomy: one for post-suppurative fixation of the stapes, with grafting of the opening; two, during the course of suppuration. Hinsberg [11] has reported one case where this operation was done for diagnostic purposes.
Inferior vestibulotomy may be extended by the partial or complete reimioval of the cochlea. The first half turn is easily opened up and destroyed by working forward fromthe vestibular opening across the promontory. The remainder of the cochlea lies further forward, deeper and higher, and operative interference is much embarrassed by the anterior wall of the bony meatus. This should be removed down to the annulus tvmpanicus by cutting forceps, and the thick periosteum of the tympanic plate pushed forward and held aside by a narrow retractor. Additional room may be gained by removal of the floor of the meatus, and this is of particular value where the field of operation is contracted by a bulging cranial floor or by the prolapse of the dura mater of the middle fossa after a previous operation involving a large removal of the tegmen. By removal of both floor and anterior wall much comfort is obtained in cases of forward lateral sinus, the attack upon the labyrinth being made more directly against its outer wall. Inferior Vestibulotomy with partial removal of cochlea. mallet or a motor-driven burr; the latter is of great assistance in the total removal of the cochlea, but is apt to run rather wildly and endanger the facial nerve. We have now at St. BaJrtholomew's a motor which is capable of being reversed so as to drive the burr either clockwise or counter-clockwise; in this way the drag of the buirr is directed away from the danger zone in all circumstances. We have peiformled inzfe tor vestibulotony, with partial or complete removal of the cochlea, in four cases. We have found infeiior vestibulotorny with extension to the first turn of the cochlea a good and adequate operation, and are inclined to think it all that is necessary for those cases of infection of the vestibule in which there is no fistulous track leading into one of the canals. These two operations, superior and inferior vestibulotomy, and their respective extensions to the canals and cochlea, may be combined in various ways according to the indications. Of these combinations the most frequent and inmportant is that which employs both superior and inferior vestibulotomy, constituting double vestibulotomny. WYhile the methods we have practised differ in some particulars, the operation is essentially that described by Dr. Milligan at the British Medical Association mieeting, 1907, under the title of the " bridge operation." While pLtting forward no claims to priority, we inay say we had independently evolved an(d carried out this operation, with extensions and total removal of the cochlea and canals, in April, 1904, in ignorance at that time of the pioneer work which had especiallv been carried out b[ Jansen [14] and Hinsberg [10] , on which attention was first focused in this country by Milligan [20] and Whitehead [38] . The escape of ceiebrospinal fluid, which is comnmon where the vestibule is opened below the facial nerve, occurs either through injury to the inner wall of the vestibule or very frequently after quite light use of a curette within its cavity. When it oCcurs it is as a rule profuse, and lasts fromil twenty-four hours to a week, or even longer. It may give considerable trouble by the rapid filling of the cavity at the time of operation. We have performl-ed the operation of double vestibulotomry without interference with the cochlea on four patients. Case 9.-Male, aged 33. Chronic suppurative otitis imiedia, left; cholesteatoma ; caries of footplate of stapes. Syminptomns: constant vertigo with paroxysms, accompanied by vomniting; objects appear to m-iove fromii left to right; patient feels miiovelmient fromil right to left vertigo increased by meatal compression; headache; pain in ear; sways to left; constant tinnitus; Weber referred to right. Operation: radical; probe entered fenestra ovalis without resistance; double vestibulotomy. Result: imimediate disappearance of all symptoms; gradual developm-lent of facial paralysis with recovery. (Published ini extenso [27] .) Case [23] has made reference to ten cases of severe labyrinthine suppuration npon which he has performed the " bridge operation." Hinsberg [10] includes one similar operation among his cases (Case 14).
Mr. Seeker Walker [31] has reported one case of double vestibulotomly.
We have three cases of doutble vestibulotowiy wtith partial remioval of the cochlea. Hinsberg [12] has reported three cases of double vestibulotomy with removal of the cochlea (Cases 15, 16, 20) .
We have reserved the term " exti?pation of the labyrinth " to describe the complete opening of every portion of the bony chamber, i.e., double vestibulotomy with destruction of the whole length of each canal with the' whole of the cochlea. We have three cases of this description. Mr. Lake [17] has reported two cases of extirpation of the labyrinth for non-suppurative conditions, in one of which removal of the canals and vestibule, in the other [18] destruction of the cochlea, had been undertaken by previous operation. Harmon Smith [28A] has recorded one case of extirpation of the labyrinth-for caries.
Where there is merely local caries of the external semicircular canal it has often been found sufficient to simply curette away all softened bone. Such a procedure will frequently result in the immediate relief of vertigo, showing that the lesion was an irritative one only. In these cases the ampulla is not opened, and in some the caries has been so superficial that the lumen of the canal has not been laid bare. These minor labyrinth cases have not been enumerated in our series. When curettage leads to the free opening of the ampullary part of the canal the result is virtually superior vestibulotomy and shares its risks if the vestibule is not afforded freer drainage than can be secured above the facial nerve.
We have carried out a simple curettage of the carious portion of the labyrinthine capsule in six cases, none of which have been subsequently submitted to further operation on the labyrinth. Hinsberg [10] mentions two cases of K6rner's (Cases 1 and 2) of local curettage. Dr. Milligan [24] has published two cases of curettage of the external canal and Mr. Tilley [30] has reported one case.
Sequestra.-Sequestra of the labyrinth seem to involve either the vestibular system or the cochlea. While sequestra of both parts may occur in the same labyrinth we have not met with a case in which the whole labyrinth formed a continuous nmassive sequestrum. Sequestra of the cochlea are comparatively easily removed, as they have a broad surface towards the tympanum and are not enclosed by living masses of bone, nor is their extraction complicated by any dangerous relation to the facial nerve. The converse is the case with sequestra of the vestibule and canals. They lie deeply to the inner side of the facial spur and the posterior part of the base of the petrous. The direction in which they tend to-sequestrate is towards the posterior surface of the petrous. In addition they must almost always involve the fundus of the internal auditory meatus, with its added risks. Sequestra of the vestibule and canals have to be looked for, and should be looked for, if there is serious ground for suspecting their presence. They may be discovered by probing through a fistulous track, either through the external canal or through the outer part of the vestibule, or may be betrayed by the persistent formation of granulation tissue in excess and refusal of the tissues to heal after the radical operation. It may be necessary to cut away apparently intact portions of the labyrinth before any part of the dead mass is exposed, for the typical sequestrum of the vestibule and canals does not extend to the outer surface of the labyrinth, and may be connected with it by a very narrow track of diseased tissue, along which infection has originally passed. Large sequestra may present considerable difficulty in extrac-tion, as the available space is divided by the facial nerve into upper and posterior and lower and anterior sections. Removal may be effected by either of these routes, but in the majority of cases the upper is preferable as giving much greater scope for enlargement. The sequestrum must be freely exposed, and to do this a large removal of the posterior part of the petrous and of the wedge of bone between its upper and posterior surfaces may be necessary, after which the exposed dura mater can be held aside. This must be carefully done, for its outer surface will frequently be covered by granulations and its substance softened, the sequestrum having extended to the posterior aspect of the bone in the region of the posterior semicircula,r canal. We have three cases of sequestrotomy, in all of which the sequestrum was remiioved by the posterior route. Autopsy showed extensive caries of the petrous, involving labyrinth; nerves passing into right internal auditory meatus red and swollen.
(The above case was reported in extenso, with another intracranial case, in the St. Bartholomew's Hospital Reports, xxxix., by Mr. West.)
The third case of sequestrotomy has already been mentioned (vide Case 14) under double vestibulotomny with partial removal of cochlea. It illustrates the combination of both routes.
Mr. Fagge [6] has reported a case of removal of a sequestrum of the cochlea by the anterior route. Mr. Bull [4] has reported a case of removal of a sequestrum involving the vestibule and canals, with part of the internal auditory meatus, by the posterior route. Similar cases have been described by Mr. Hugh E. Jones [15] , Mr. Fagge [7] , and Mr. Cheatle [5] . Mr. Lake [19] reported and showed a case of total necrosis of the labyrinth removed by the combined routes.
Addenda.
To the above series of twenty-six cases illustrating the operative surgery of the labyrinth we append notes of four labyrinth cases which were not operated upon. Each case presents some clinical or pathological feature which has a bearing on the surgery of the labyrinth. The first case was one of acute streptococcal labyrinthitis, with symptoms developing after the radical operation on the mastoid and middle ear. Death was due to acute internal hydrocephalus, secondary to perineural arachnoiditis of the seventh and eighth nerves.
Case 27.-Male, aged 14. Chronic suppurative otitis media, left; subsequent suppurative panlabyrinthitis; death. Symptoms long period of otorrhoea; no giddiness; blind from corneal ulcers. Operation 1: radical, hampered by large lateral sinus; granulations in tympanum and antrum; no ossicles. Result: vomited for next five days, then violent headache for three days. Operation 2: exploration of extradural area of previous operation cavity. Result: next day, i;e., ninth day from infection of labyrinth, temporary relief of headache; sudden death, without antecedent loss of consciousness. Autopsy: defect of outer wall of vestibule, with granulations; no stapes; pus in vestibule; distension of arachnoid sheath in internal auditory canal about seventh and eighth nerves; acute ependymitis of choroid plexus of the fourth ventricle; acute internal hydrocephalus. Histology of the labyrinth: acute round-cell infiltration of the membranous labyrinth and lining of bony labyrinth, best demonstrated in cochlea (to be published fully elsewhere). Bacteriology: Streptococcus pyogenes.
In the next case the diagnosis rests upon clinical evidence only, as the labyrinth was not preserved for examination at the autopsy. Case 28.-Male, aged 19. Acute otitis media, right (panotitis); streptococcal septiceemia. Symptoms: giddiness and vomiting on the fifth day of acute otitis media; rigors on seventh day; very giddy, could hardly stand; temperature, 1040 F. Operation 1: radical; temporary relief of symptoms; renewed fever with delirium. Operation 2: exploration of brain negative. Result: death on ninth day of illness; no record of interior of labyrinth; no path of infection of labyrinth found; pure streptococcal cultures of heart's blood and spleen. a-28
The third case which we give was one of spontaneous exfoliation of the cochlea, with perosseous sound conduction for C and C1 forks apparently nearly perfect.
Case 29.-Male, aged 14. Chronic suppurative otitis media, left; necrosis of cochlea; sequestrum removed from meatus. Weber to left; Rinne negative left; perosseous conduction on left ear apparently normal after careful testing; watch heard 5 in. with eyes closed.
The last case was the one previously referred to as one of accidental *opening of the normal external semicircular canal during the radical operation. No symptoms arose. Case 30.-Male, aged 7. Chronic suppurative otitis media, bilateral; cholesteatoma in right tympanum; accidental opening of external canal. Operation: radical; dense mastoid; very narrow antrum; canal opened before cavity of antrum could be recognised. Result: no vertigo or subjective sensations could be found; no nystagmus; healing complete.
Later: radical on opposite side; large mastoid cells; recovery.
VIA.-SPECIAL TESTS. We have found the following special tests of value in eliciting evidence of labyrinthine disease, and it has become our practice to apply them as a routine in all cases in which such a condition is suspected. We give the tests in the order in which their application seems most convenient:
(1) Rombergism.-Standing with eyes closed, first on both feet together, then on each foot separately. We have found the rule to be that the patient swavs or falls toward the affected side.
(2) Gait, Walking Straight Forwards.-An uncertainty of direction is usually manifest in cases of labyrinthitis where vertigo is present. The symptom reveals itself even with the eyes open. It may always be elicited when the eyes are closed. The tendency is to deviate toward the affected side, though this may be overcorrected by an obvious effort of readjustment. In the attempt to secure stability, the feet are placed wider apart than is natural, and in some cases, especially after destruction of the ampullary nerves, we have observed marked ataxic gait. In paroxysmal cases the attack is often so sudden and severe that the patient, if walking, falls as if in a fit and hurts himself.
(3) Execution of Movements demanding precise Coordinate Control.-For example, jumping or hopping forwards, backwards and sideways, with eyes (1) open, (2) closed. This test is inapplicable in some cases of severe vertigo. Other forms of coordinate movement may serve as a means of applying this test.
(4) Elicited Nystagn?us.-It is only in our latter cases that we have made use of the turning stool, to the value of which our attention vas drawn by Mr. Alexander Tweedie, of Nottingham. We have made use of rotation in a horizontal plane only. The patient is seated with the head erect and eyes closed upon an easily rotating chair. After ten revolutions movement is arrested and the patient is directed to open the eyes and fix them in extreme deviation, first to the side from which rotation has been inade, then to the opposite side, the presence and the type of nystaginius elicited being noted in each case.
Normal Type of Nystagmus. In the normal type the excursion is horizontal, and is characterised by a quick movemnent towards the side of deviation with a slow return.
Normal Reactions.-In normiial states there is lateral horizontal nystagmius after rotation, upon deviation of the eyes towards the side from-which rotation has been imiade, with absence of nystagmrrus on looking towards the direction of rotation. For instance, after rotation to the right, nystagmus is present when the eyes are directed to the left, and absent when the eyes are turned to the right.
Abnormal Reactions.-In some cases of unilateral lesion we have found it impossible to elicit nystagmus after rotation toward the affected side, while in others although nystaginius was produced it was not of the normal type.
Significanice.-While we regard it as probable that rotation and similar tests will prove of extremiie value as affording definite objective signs in cases of suspected labyrinthine lesions, we are unable at present to do mibre than accept an abnormiial response as presumllptive evidence of a disordered labyrinth.
VIB.-INDICATIONS FOR OPERATION ON THE LABYRINTH.
Briefly, the indication for operation on the labyrinth is the diagnosis of infective labyrinthitis. This may be made (1) from the presence of syimiptormis and response to special tests; (2) from operative discoveries.
(1) Symptomatic Indications.-As we have intimated, vertigo is the most frequent of the cardinal symptoms. It is, of course, none the less true that vertigo, as an isolated phenomenon, is not diagnostic of labyrinthine disease. Again, many cases of labyrinthine disease have no vertigo at the time of operation. In some of these cases a definite history imiay be obtained, and we regard this as being alm-lost as valuable as the presence of the symptom. In sixteen of our twenty-six operation cases vertigo was known to have occurred at some period. The value of this symptom is greatly reinforced by association with one or more of the following: (a) vomiting; (b) loud tinnitus; (c) advanced or progressive loss of bone conduction; (d) local pain or headache. Many cases of chronic vertigo are at the same time markedly neurotic, and it may be by no means easy to estimate the value of their symptoms. It is in such cases that the results of the special tests become of great importance. In all cases they should be applied to confirm the patient's account of his sensations.
(2) Operative Discoveries.-Many obvious labyrinthine lesions are discovered accidentally during the course of the radical mastoid operation. A careful examination of the whole of the exposed area should in all cases be made, and will frequently reveal extensive labyrinthine disease. We consider that all cases in which the vestibule or the ainpullary ends of the canals are involved should for the safety of the patient be thoroughly opened up and drained. In cases of fistula or caries of the outer limb of the external canal behind the ampulla presenting no labyrinthine symptoms we think the operator may be for the time content to merely curette away the softened area of bone. It is well to bear in mind that a fistula of the canal may also be a fistula of a sequestration cavity, which would be reached by a probe passed directly inwards. When the promontory of the cochlea is found perforated the diseased bone must, of course, be completely removed. In the majority of cases the operation will be led in this way into the vestibule. In all cases of operation of the promnontory we think it is essential that free and adequate drainage of the vestibule should be established and maintained.
VII.-RESULTS.
In every case in which vertigo was present at the time of the operation the patient has been completely relieved-in some immediately, in others after a short period, in no case exceeding two or three. weeks.
In no case was useful hearing preserved on the side of operation on the labyrinth; in the majority hearing was already absent or very defective before operation.
We have been fortunate in having no case of permanent facial paralysis. While there has been a mortality of 17 per cent., in only 3.3 per cent. (the one case of superior vestibulotomy) could the operation be considered to have led to this result. There have been no fatalities among the cases of inferior or double vestibulotomy.
Of the five fatal cases two were submitted to no operation on the labyrinth, and our opinion is that a timely operation could have saved the life of one of these.
We should like to conclude by expressing our great feeling of indebtedness to Mr. Cumberbatch for the encouragement and criticism that he has given to work which has often been anxious and tentative, for the support and advice without which our earlier cases would not have been attempted, and for his generous permission to make use of the clinical material at St. Bartholomew's Hospital.
BIBLIOGRAPHY.
Sex-females, 11, viz.: 3, 7, 8, 11, 12, 15, 16, 17, 18, 19, 26. Age--under 5, two cases; between 5 and 10, four cases; between 10 and 20, twelve cases; between 20 and 30, four cases; over 30, eight cases. Side of lesion-right, thirteen cases; left, seventeen cases.
DISCUSSION.
Dr. W. MILLIGAN congratulated the authors on a remarkably good piece of work. The paper was an exceedingly good r6sum6 of the subject, and the compilation meant a vast amount of work. It was a credit not only to themselves, but to the aural department of St. Bartholomew's Hospital. As the authors mentioned, the subject of labyrinthine suppuration and its operative treatment was as yet comparatively in its infancy, and their classification of operations into superior and inferior vestibulotomy would be of great practical value. The whole question had interested him for a long time, and he regarded the paper as most instructive. A matter of practical and clinical interest was the comparative rarity of labyrinthine suppuration in acute ear cases. His own experience of labyrinthine involvement following acute suppurative middle ear disease was limited to two cases. One was in a little boy who had scarlet fever, with double acute mastoid infection, and on one side infection of the labyrinth through the external semicircular canal; the other case was very similar, but followed measles. With regard to cholesteatoma, he agreed with the authors' observations that it was one of the most common pathological conditions which was present and likely to invade the labyrinth. The presence of cholesteatomatous debris in the discharge should be regarded not only as dangerous, but the fact should be remembered that many cases of labyrinthine disease were the result of cholesteatoma. He agreed that superior vestibulotomy was a more or less dangerous operation, and that if possible the labyrinth should be approached by the inferior route, and that one need not hesitate to work comparatively far backwards in the region of the posterior semicircular canal. He asked what number of cases of labyrinthine suppuration the authors had met with in their ordinary work. His own investigation led him to the conclusion that about 1 per cent. of chronic suppurative ear cases presented labyrinthine symptoms. iHe did not know of any other observations on the point. There was considerable room for difference of opinion as to the methods of operating. The authors recommended the use of a fine chisel. He had had no experience of that as he had used the burr, using the gouge and chisel for the ordinary mastoid operations. The burr he used was longer than the ordinary one, and gave a little more room without diminishing the tactile sensation of the operator. It was interesting to know that the labyrinth could be opened by means of a mallet and chisel. Still, he thought that there was some risk of the chisel slipping. He insisted upon the best possible illumination, and the frequent use of adrenalin, which acted powerfully in diminishing haemorrhage. With regard to the paths of infection, the statistics of the authors agreed very well with those of other authorities, viz., that the external semicircular canal was the main point of entry. There were a fair number of cases in which there was erosion of the external semicircular canal, cases which might be regarded as extra-labyrinthine. The bone was eroded, but there was no definite extension of inflammation to the interior of the labyrinth. It was a localized process, and probably very insidious, so that there was time for adventitious inflammatory products to be thrown out so as to localize it. At the operation it was a nice point whether it was advisable to continue the operation or whether it was not sufficient to gently scrape or burr the bone, and not to open into the labyrinthine cavity itself. Many pathological processes, even in the labyrinth, were purely localized, so that the posterior end of the internal ear might be infected and the inflammation localize itself there, the cochlea remaining healthy. It must be recognized that the presence of pus in the internal ear was a menace to life.
Dr. BRONNER congratulated the authors on their most interesting paper, which he regarded as the most valuable which had been brought before the Section. He asked what proportion of cases of suppuration of the labyrinth showed no severe symptoms. In regard to the point raised by Dr. Milligan as to whether scraping was enough in some cases, he (Dr. Bronner) had never done the classical operation, but in five or six he had simply scraped the diseased canal and the cases had healed up. The operation set out by the authors was not only very difficult, but dangerous, so that when only the canal was diseased and there were no definite symptoms of affection of the whole of the labyrinth, he should prefer to scrape the canal first and then, if necessary, perform the more serious operation.
Mr. WAGGETT heartily congratulated the authors on their valuable work.
He drew attention to the paper by Richards in the Larynqoscope, and particularly to the point which that writer made concerning the modiolus, of which only the apical third could be removed without opening the internal auditory meatus. A neglect of this anatomical point had led in one instance to a fatal issue by meningitis. Mr. YEARSLEY commented on the fact that only two out of the thirty cases were tuberculous; that was noteworthy in comparison with what Dr. Milligan and Mr. Whitehead had stated as to the rarity of tuberculous lesions in the labyrinth. In one case mentioned, the external seinicircular canal had been opened and the antrum could not be recognised as a cavity. This was interesting after the very dogmatic statement which had been made that absence of the antrum never occurred. He recently had under his care a case of suppurative meningitis in which the labyrinthine lesions were not recognised until after death, and in which the path of infection to the meninges was through an erosion in the superior canal. That case developed spontaneous nystagmus. * Dr. FITZGERALD POWELL desired to record his thanks for this most excellent paper. He wished to know what the authors considered the special indications necessitating the opening up of the labyrinth, and what symptoms or definite points could be looked upon as indicating the presence of pus in the semicircular canals and cochlea.
Dr. DUNDAS GRANT asked whether the authors attached importance to the routine testing for the highest pitched tones of Galton's whistle. He had tested that in looking out for the possibility of labyrinthine trouble in some of his suppurative cases, and some writers, especially Ostmann, had pointed it out as an early sign worth noting.
Dr. ALBERT GRAY said the question of operating must be one of difficulty because the cases which died were known, while there must be many cases living who yet had labyrinthine trouble. The specimen from the case which he showed in the adjoining room had a suppurating ear when aged 60, and was absolutely deaf in the affected ear. Probably it had been affected all his life, and he went through life without a symptom until ripe old age and died from malignant disease elsewhere. Therefore it was an open question as to when operation should be done and when not. The danger of the operator destroying the modiolus of the cochlea had been mentioned. The upper part could be destroyed with impunity, but destruction of the lower portion might be dangerous, since in this case the cranial cavity was opened. If it was so easy to infect the arachnoid space one would not perform such a severe operation as that recommended in the Laryngoscope by Richards.
Mr. HUNTER ToD congratulated the authors heartily, not only on their papei, but on their having been able to collect so many cases. He noticed that the paper only dealt with suppurative lesions, as the opening of the semicircular canals for vertigo in non-suppurative cases was not discussed. The cases might be divided into three groups tuberculous suppuration, acute suppuration and chronic suppuration. All had seen tuberculous disease of the mastoid involving the labyrinthi, and in these cases it was usually sufficient to curette out gently the vestibule or the cochlea. Frequently facial paralysis already existed. In such cases the technique of the operation was rendered more easy owing to the fact that irreparable damage to the facial nerve had already taken place as a result of the disease. Many of such cases did very well. Mr. Tod's experience of acute suppuration of the labyrinth was limited to that occurring in children, and in which death occurred as a result of meningitis. With regard to chronic suppuration of the labyrinth, associated with chlronic mastoid disease, Mr. Tod said he could not help being surprised that the authors had been able to collect together so many cases. Excluding the simple Schwartze's operation, he had performed at least 350 operations on the mastoid process during the last seven years. This operation had only been done when all other means had failed to cure, that is, after the usual conservative treatment, after frequent removal of polypi, and in many cases where ossiculectomy had also been performed. Although, whilst performing these operations he had always made a point of inspecting the inner wall of the tympanic cavity and the region of the semicircular canals, especially in cases in wlhich there had been vertigo and internal ear deafness, yet witlh the exception of superficial caries of the external semicircular canal, which was not infrequently met with, he only remembered three cases in wlhich there was evidence of any sign of disease within the labyrinth. In these cases he had contented himself with curetting away the area of granulations and had never felt justified in doing anything further. He quite admitted that he might have missed cases of labyrinthine inflammation, but the consequences did not seem disastrous. He could merely say that in all cases of uncomplicated mnastoid disease on which he had lerformed the complete operation he had never had a fatal result. He admitted that in tllose cases in which healing after the operation was not satisfactory the continuance of the suppuration was almost invariably due to bone disease about the region of the promontory and floor of the tympanic cavity; but even in these cases healing, as a rule, eventually took place as a result of treatment. Although he considered the paper an admirable one, he thought, however, that the danger might arise of surgeons tending to operate too frequently on the labyrinth. From his own experience he would say the less that was done the better, and that operation on the labyrinth should be performed only when there were very definite symptoms of a suppurative lesion being present.
Mr. R. LAKE added hiis tribute of praise to the authors. Though he had l)een operating for a number of years, it was only comparatively recently he had started to operate on the labyrinth; yet previously all one's cases got well. In 1893 he reported two cases of external semicircular canal disease, neither of which was operated on, yet both got well. Operation often was rather a (Juestion of advisability than of necessity, and the former was the outcome of a fairly long experience. He would not say that the operations set out in the paper were difficult, but the authors seemed to have overlooked the posterior method of entering the vestibule, which was now coming into vogue in France; he meant entering posterior to the facial nerve. He asked whether there was any particular reason for removing the lower turn of the cochlea where the cochlea was not diseased. He had himself taken away the external wall of the vestibule several times, but he had not gone into the cochlea and could not see any reason for doing so.
Mr. FAGGE said that seven years ago, while in Germany, his attention had been drawn to labyrinthine suppuration, and ever since then he had been on the look-out for cases at Guy's. With the exception of some dozen cases of localized caries of the external semicircular canal, which only needed curettage, lhe could. remember only two cases of suppuration in the labyrinth. In both of them he performed what the authors called superior vestibulotomy with a satisfactory result. His own experience agreed with MIr. Tod's ; he could not believe that be had missed a large proportion of labyrinthine suppurations, because in none of the cases in which otorrhba bad continued after his complete mastoid operations had he noticed any symptoms of vertigo, tinnitus, or internal ear deafness, and none of these cases had died.
Dr. KELSON congratulated the authors on their paper, remarking that such contributions would do much to support the vitality of the Section. He asked wNhether their investigations had thrown any light on the physiology of these l)arts. There were cases in which the semicircular canals were dealt with, and others in whlichl the cochlea was treated, and he asked whether any difference had been noted in irritative as opposed to destructive lesions. Those who thought of doing work of the kind were met by the remark that "in no case was useful hearing preserved." But he would like to hear what their idea of useful hearing was, as in another part of the paper it was stated that the watch was heard at 7 in."
Dr. PATERSON asked as to the value of caloric nystaginus in the cases. It was an important question to distinguish between circumscribed disease, which may be left alone, and diffuse labyrinthitis, where there was very grave danger. The authors stated that in fistula wxhere there were no symptoms one should be content to wait, and he would like to know to what extent they had adopted that course. He himself had cases of fistula in the external canal with labyrinthine symptoms, which had entirely cleared away, vertigo and nystagmus disappearing after the radical operation. Would it not be better to lay down a rule that the operator should wait a little, except where there were grave symptoms, and in them operate promptly ? In the two cases of inferior operation he did he used a chisel, which he thought was more under control than a burr would be.
The PRESIDENT (Dr. McBride) joined in the congratulations which had been so well expressed; the paper would, no doubt, cast lustre on the Section. At one time he worked a good deal at the subject of vertigo. The authors had found, in five or six cases out of eleven, where the observation could be made, that surrounding objects seemed to move from the affected towards the sound side. That form of investigation might be followed further. WVas there aily difference in that according to whether the lesion was irritative or paralysing'? In regard to Case 28, it was said that there was exploration of the brain; did they mean lateral sinus exploration? The question of nystagmus had been very largely studied by the Viennese school, which stated that labyrinthine nystagmus was increased on looking towards the sound side, whereas cerebellar nystagmus was increased on looking towards the diseased side. He asked whether the authors had inquired into that or whether they lhad cases on hand which would enable them to confirm or deny that. Another interesting point was heat nystagmus. That had scarcely been touched upon in English literature, but in Vienna it was looked upon as important. Barany laid down the rule that in the ordinary labyrinth, if one syringed the ear, whether the labyrinth was exposed or not, if the water were at the body temperature there was no nystagmus, if it were cold water there was nystagmus away from the side syringed, while if the water was hotter than the body there was nystagmus to the opposite side. It was supported by others, and he mentioned it because it seemed to be based on false reasohing. Zeroni (if he remembered right) wrote an elaborate paper on post-operative meningitis, and pointed out that in cases of radical mastoid, where the labyrinth was involved and there were granulations on the inner wall of the tympanum, it was dangerous to scrape such granulations, and he mentioned several deatbs so caused.
Dr. DONELAN had noticed the absence from the list of authors referred to an important contribution to the 1906 and 1907 numbers of the Italian Archivii di Otologia, by Professor Gradenigo, entitled " Sulle Funzioni del Labirinto Non-Acustico" (The Functions of the Non-Acoustic Labyrinth). It dealt especially with nystagmus and with most of the other points referred to by the President. Mr. WEST, in replying, said he wished to make a few remarks in supplement to the paper. He held strongly that removal of the wvhole of the canals was probably never necessary except in tuberculous cases in which the disease had extended along the canals. The ampullary nerves could easily be reached and destroyed in the vestibule, and after their destruction vertigo ceased. The complete destruction of the canals was an operation of very great difficulty and length, though it was possible, as in Case 18, which had indeed been carried out by the light of an ordinary oil lamp. When he did that operation, the earliest of the series, he had not learned how much or how little was necessary. He held that after the radical operation, in cases with continued vomiting, elevTaticn of temperature, and especially severe vertigo, vestibulotomy was urgentlv called for as the patient was in grave danger of meningitis. If no relief N\as ol tained in twenty-four hours, the internal meatus should be opened througlh the inner vestibular wall and drained. He had recently done this with success. Cases 1 and 27 had died from want of such drainage. In answer to the questions as to the statistics, they had had thirty-two cases of involvement of the labyrinth among 320 major operations conducted since the earliest of the series of cases, excluding minor cases of fistulous canal without symptoms and superficial erosion. This gave an operation frequency of 10 per cent. As regards case frequency in suppurative otitis media he could not give definite figures; but there had been about 4,500 out-patients during the period, and assuming that 60 per cent. of these were suppurative, this would give a figure, which was about the same as Dr. Milligan's, of 1 per cent. In regard to burr verslls chisel, it w\7as a matter of use and habit, but when working along a canal with a burr it was likely to get choked up with debris, while with a chisel a perfectly clear dissection could be carried out. They invariably used a head lamp in their operations. The cases of superficial erosion were not included in the totals. He did not think the results pointed to the operation being a dangerous one. In only one of the cases could death be ascribed to the labyrinthine operation, and that was an inadequate one; nor had they then recognized the possibility of drainage through the internal auditory meatus. In all cases where the facial nerve was not Wentioned the face was not affected. Even in some cases where that nerve formed a bridge across a chasm there had been no symptoms; but if there was firm plugging on to the exposed nerve, then symptoms of facial paralysis occurred. The escape of cerebrospinal fluid had been so frequent in their cases that they hlad not regarded it with dismay, and with free drainage the risk of meningitis was very small. Of the three cases of pus in the labyrintbl one at least was violently ill, with raised temperature, vertigo, vomiting and headache, and intense deep-seated pain in the ear. That series of symptoms pointed to suppuration in the labyrinth. They had not very completely investigated the tuning-fork reactions. In one case there was caries of the lower part of the promontory, and the patient had increasing loss of bone conduction. The advisability of operating in those cases rested on similar grounds to that of the ordinary radical mastoid operation. Extirpation of the cochlea was not advised, unless for tubercular disease or cholesteatoma. Otherwise, the opening of the first half turn was adequate. In no case where the cochlea was incompletely removed had there been tinnitus afterwards; that was a rare symptom of labyrinthine disease. They bad had so many cases because they had had their eyes keenly open for them in the last three years, and mnen who knew they were working at the matter sent them cases. He congratulated Mr. Tod and Mr. Fagge on the uniform success of their mastoid operations, but he thought everyone had met with cases in which that result was not attained. He desired to draw Dr. Paterson's attention to the risk of not operating on the labyrinth when there were clear indications in the morbid anatomy for doing so. In answer to the President, there were no sensations, either subjective or objective, of rotation in paralytic lesions. Where patients had had violent vertigo before the operation, and after it, where there was destruction of the whole of the ampullee or the vestibule, vertigo ceased. But if the labyrinth had been functional beforehand, there were ablation phenomena afterwards, the patient having sometimes an ataxic gait, and having a tendency to stray towards the operated side. Those symptoms disappeared after two or three months, but were apt to recur if the patient got anuemic or otherwise out of health. In Case 28 the lateral sinus was examined post mortem and was normal; it contained no clot.
Mr. TOD desired to say that he was afraid Mr. West had misunderstood him. He had not said that he invariably got an immediately successful result as a result of the complete mastoid operation. The point he wanted to emphasize was that in uncomplicated mastoid disease with no intracranial symptoms he had never had a death as the result of the operation. He was, however, quite prepared to admit the possibility of caries of the promontory or chronic suppuration of the labyrinth being a rare cause of failure of the complete mastoid operation to cure the suppuration. The other point he wanted to make was this that although complete healing, in spite of the mastoid operation, did not take place, and although it might possibly be due to labyrinthine disease which he had not recognised, yet even if this were the case no serious symptoms had afterwards occurred, and as the result of proper treatment it was very rare that complete cure was not eventually obtained.
Mr. SCOTT, in reply, said there was only one case in their series of labyrinthine disease complicating acute otitis media, though possibly'Case 25 may have commenced as such. Some observers said that 18 per cent. of cases of labyrinthine disease were due to acute, and the remainder to chronic conditions. They had not in this paper any figures which would confirm this. The case quoted by Dr. Smurthwaite was not mentioned because it was not operated upon. It seemed similar to their Case 27, for which no operation was performed on the labyrinth. For five days after the operation on the middle ear the patient vomited daily; the headache then followed and the patient died suddenly, without meningeal symptoms, on the ninth day. This seemed to be an important case apropos of Mr. Tod's remarks. He would like to emiphasize the continued vomiting as evincing evidence of labyrinthitis which was, unfortunately, not understood, and also the sudden fatal result without antecedent symptoms of meningitis. The nature of this case might have been overlooked; they had had the advantage of performing the post-mortem investigation personally in the following manner : The whole calvariumn was removed, exposing the brain and dura mater, by a complete horizontal saw cut. The brain was very tense and there was no fluid on its surface. On cutting through the whole brain horizontally, in situ, a large quantity of cerebrospinal fluid gushed out at high pressure from the ventricles, which remained dilated. The brain was removed in successive slices. In the region of the seventh and eighth nerves there was a distended sac of arachnoid tissue, the fluid there being slightly turbid, but no organisms grew from it. On opening the superior semicircular canal the membranous canal appeared as a bright red filament. Although there was definite pus in the vestibule there was no meningitis in tlle ordinarily accepted sense of the term. He was convinced that the infection, whatever its nature, extended along the arachnoid sheath and the labyrinth to the choroid plexus of the fourth ventricle. The distension of fluid in the theca of the spinal cord might cause head retraction, because, on lumbar puncture, that retraction ceased. In several of the cases with meningitic symptoms there were no organisms found in the cerebrospinal fluid withdrawn by lumbar puncture. In answer to Dr. Kelson's questions, they felt diffident in stating anything definite at present, owing to apparent contradictory phenomena, but the questions would be followed up. They had not had any success in varying the direction of elicited nystagmus by means of heat. More usually vertiginous patients complained of objects appearing to move towards the sound side. There were two cases in which objects seemed to move to the same side as the lesion. This matter was also being followed up, and they hoped to make a further contribution on the subject. ONE every now and again meets a case of total deafness in which the history obtained is that the patient has recently recovered from an attack of cerebrospinal fever, during which the deafness developed. In view of the fact that the prognosis as regards the hearing in these cases is very bad, and that the methods of treatment at present in vogue do not yield much result, I venture to bring before this meeting notes on two cases in the hope that some light may be thrown on the treatment of this distressing affection.
Deafness resulting from

CASE I.
Samuel M., aged 9, seen May 16, 1907, Lor deafness. Previous History.-Admitted to fever hospital, March 19, 1907 , on the sixth day of the disease, the deafness having commenced on the previous day; the onset took place with headache and vomiting; no delirium nor ear symptoms (other than deafness). On admission there was rigidity of the neck; Kernig's sign was present and a purpuric rash; the deafness remained while in hospital. The blood, tested by Dr. Houston and Dr. Rankin, gave agglutination and a positive opsonic index to the meningococcus. Present Cond'ition.-When seen the boy was quite deaf, and could not hear when spoken to even in a very loud voice. The deafness was so complete that his fa-ther had to write on paper every communication he wished to make to him, therefore tests with the tuning-fork were
